INTRODUCTION
Rough surfaces and interfaces exist in many material systems. For instance, intestinal lining is a biological membrane with a regular surface structure. The surface consists of a series of microvilli which are about 1.5 pn wide. These microvilli serve to increase the surface area of the intestinal wall for efficiently drawing nutrients out of the food For another example, when symmetric dibluck copolymers (for instance, of polystyrene and polymethylmetacrylate) selforganize in a laqellar structure with layers several hundred %, thick, an incomplete layer of the lamella forms a surface with roughness on the order of the layer thichess which is correlated over a distance of a few microns1. Both of these examples have a laterally correlated surface structure in the micron range. The study of such irregularities of an interface may be difficult to accomplish by direct microscopy if the interface is buried deep under a surface. Neutron reflectivity is a potentially useful probe for such organic systems since slow neutrons do not cause radiation damage to organic materials, and selective deuteration provides excellent contrast between the components2. However, off-specular neutron reflectivity is not well developed for characterization of such systems. Simple theoretical models to relate the roughness structure to the measured data would be particularly useful. One of the main difficulties consists of the lack of the experimental capabilities for measuring off-specular reflectivity over sufficient dynamic ranges and with sufficient resolution. In this regard, an effort has been made to compare the main features in the off-specular data and the main features in the real-space structures over large length scales. More specifically, an optical diffraction grating was selected to investigate the correspondence of the grating structures to the data structures.
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MEASUREMENTS
A commercial diffraction gratin was obtained for the experiment3. Its surface is 50x50 epoxy from a master grating surface of fused silica, and the epoxy is then coated with aluminum in order to reflect light. The grating has a blaze angle of 8' 37' so that the surface of the &rating has a sawtooth structure -1200 8, high.
Specular and off-specular intensities from this grating were measured at the POSY I1 ..
---
The geometry of the experiment is shown in Fig. I . The incident beam makes an angle G d . 6 and 0.45 with the ,pting surface for the two measurements shown in Fig. 2a and 2b respectively. The grooves on the grating subtend -. an angle Q from the plane -. of incidence. As the angle a varies around the surface normal, the neutron beam sees roughness over different length scales in the forward direction. With this arrangement, the reflection is not completely in the incident plane. When the grating is rotated, the roughness is not only correlated in one dimension, it has a y component as well asx. However, in the experimental conditions we chose, q, the angle of the scattered beam with the refiection plane is always less than M Y , well below the acceptance angle of the counter, and such that we may consider negligible the distortion from out-of-plane scattering.
Specular and off-specular intensities were measured at two values of a: a=29" and 1.6" as plotted in Fig. 2a and 2b respectively. In Fig. 2 , the horizontal, q,,and vertical, qz, axes are defined as the momentum transfer in the forward direction and the perpendicular direction respectivdy. The range Gf qx and 42 correspond to a range of 4 4r-1.5" and hp2-16 A.
The momentum transfer is related to the wavelength and angle of the reflected neutrons as follows: The contour plots show the natural log of the intensities with levels at integer values of log . .
iotensity-
ANALYSIS
The off-specular data for both measurements ciearly show localized intensity peaks separated in the q-space. Since the sample has a coherent and periodic surface skcture, the positions of the off-specular peaks can be treated under conventional diffraction theory-The peak positions are given by -e, = c=-l( Cmei + (2) where n is the order of the diffracted peak. 
-(4)
From this equation one can see that for outgoing angles greater than the incoming angle (negative order diffraction peaks) the beam width will be slightly wider than the incident beam width. Secondly, sinceAq, = -sin( t l f ) A 6 f 2 x f A , as 0, increases the width in qx also increases giving an additional appearance of broadening when the data is plotted in reciprocaf space as is . .
.. done in Fig 2. A third contribution 
The transverse coherence length is limited due to the fact that the neutron beam is divergent and not a perfect plane wave. The actual longitudinal coherence length will be less than this due to the fact that the neutrons do not have uniform wave fronts like a laser.
When the widths of the off-specular peaks are measured and compared to that of the specular, the broadening that is observed can be completely accounted for by the first two geomemcal and resolution effects. If the incoherence of the neutron beam is having any effect on peak broadening, it can not be determined at this resolution. When calculations are performed under conventional diffraction theory for the width of the respective orders it is apparent that we cansafely assume that the neutron beam has a longitudinal coherence of at least 60 pm and probably much greater distances as well at our present resolution.
The determination of the periodicity of an optical grating from off-specular intensity was
demonstrated. An assessment was made of the effect of the neutron beam coherence length on the surface spatial resolution by analyzing the widths of off-specular intensity peaks. A more detailed analysis of the off-specular intensity data for more detailed roughness information is in progress. From such an analysis, the relationship between the height and shape of surface roughness and the off-specular intensity data will be determined. The influence of the detector resolution function upon the inverse problem of surface structure determination from offspecular data will be assessed
Although the structure of an optical grating used in this paper i s simple, it has served to illustrate the simple relationship between the off-specular data structure and the real-space properties. For more general rough systems, a practical theoretical model w i l l be needed to relate the off-specular data to the real-space roughness structure so that the diffuse data can be analyzed. Owing to the intrinsic complexity of diffuse scattering, the development of such a theoretical model will be a significant technical challenge, and its solution %ill constitute a major breakthrough in the development of the diffuse reflectivity technique for rough surface/interface characterization. .* . 
